We present CCD photometric observations of the W UMa type contact binary EK Comae Berenices using the 2 metre telescope of IUCAA Girawali Observatory, India. The star was classified as a W UMa type binary of subtype-W by Samec et al. (1996) . The new V band photometric observations of the star reveal that shape of the light curve has changed significantly from the one observed by Samec et al. (1996) . A detailed analysis of the tries in the light curve shape around the primary and secondary maximum.
Introduction
The eclipsing binary EK Comae Berenices [hereafter EK Com] was discovered by Kinman et al. (1966) . They classified the star as a W UMa type binary. The star was also observed visually by Borovicka (1990) who determined the period of 0.2666864 days. The first photometric solution of EK Com was obtained by Samec et al. (1996, hereafter SA96) based on the observations of 1994 with the help of the Wilson-Devinney [hereafter WD] code. These authors determined a period of 0.2668726 days and derived other photometric elements from their observed light curves and found the evidence for a period decrease at a rate of ∼ 1.5 × 10 −10 cycle −1 . From the light curve solutions using the WD code, they classified the star as a W UMa type binary of subtype W with a mass ratio q = 0.304, a temperature difference of ∆T = 310 K between the components and a fill-out factor of 15%. They estimated the temperatures of the components as T 1 = 5000 K and T 2 = 5310 K respectively, where the subscripts 1 and 2 refer to the more massive (primary) and the less massive (secondary) component respectively. The change in the orbital period of EK Com has been analysed by Li and Zhang (2006) and found the evidence of continuous decrease of orbital period dP/dt = −5.96 × 10 −10 days cycle −1 = −0.071 s yr −1 .
Since there is no photometric measurement of the star available since 1994, we have obtained a complete and well-defined light curve of EK Com through high-precision CCD photometry using the IUCAA Girawali Observatory (IGO) 2-m telescope. The newly obtained light curve is quite different in shape than that obtained by SA96. SA96 classified it as a W UMa binary of subtype-W by pointing out that the light curve showed an interval of constant light in the primary eclipse. However, it is difficult to make out whether a minimum is curved or flat and SA96 modelled the light curve assuming a flat-bottom primary minimum. Using the new observations, we are able to present highly accurate and more precise light curve of EK Com than SA96. Based on the appearance of the eclipses in our data, we conclude that the system is clearly an A-type W UMa binary, i.e, the deeper eclipse is the transit of the more massive star by the less massive one. Our new photometric observations, in fact, clearly suggest that the primary minimum is rounded and the secondary minimum is flat indicating its A-type nature.
In this paper, we report the complete V band light curve analysis of the star EK Com from new photometric observations and employ the WD light curve modelling technique. This technique is used extensively to characterize the observed photometric light curves of eclipsing binary stars with the computed synthetic light curves thus yielding the parameters of components of the binary system. It has been seen from the literature that determination of photometric mass ratio q obtained from the WD light curve modelling is reliable only for a total-eclipse configuration of the binary system as such light curves show characteristic inner contacts with duration of totality setting a strong constraint on the (q, i) pair (Rucinski, 2001) . Since EK Com is found to be a total-eclipsing over-contact binary, the various geometrical and physical parameters obtained from the light curve modelling are expected to be reliable. Although we have only two nights of data observed only in the V band, the phase coverage is excellent enough to reveal the accurate shapes of the primary and secondary minima. In Section 2, we present the observations and data reduction procedures. Section 3 deals with the period analysis and determination of ephemeris from new observations. In Section 4, we describe detailed photometric analysis of the star in the V band using the WD code.
In Section 5, we describe determination of distance to EK Com. Finally, in Section 6, we summarise the results and main conclusions of our study.
Observations and data reduction
All the V band CCD photometric observations of the star were carried out with the 2-m IGO telescope, located about 80 km from Pune, India during two nights on March 30 and April 01 in 2009. The IUCAA Faint Object Spectrograph Camera (IFOSC) equipped with EEV 2 K × 2 K thinned, backilluminated CCD with 13.5 µm pixels was used. The CCD used for imaging provides an effective field of view of 10.5 ′ × 10.5 ′ on the sky corresponding to a plate scale of 0.3 arcsec pixel −1 . The gain and read out noise of the CCD camera are 1.5 e − /ADU and 4 e − respectively. The FWHM of the stellar image varied from 3 to 5 pixels during the observations. We took a total of 296 frames in the V band with the exposure times varied between 10s to 60s for a good photometric accuracy.
The co-ordinates of the variable, comparison star and the check star are listed in Table 1 . The comparison and the check stars are close to the vari-able and they are in the same field of view during the observations. The comparison star used here is the same used as a check star by SA96. The standard V -magnitude of the comparison star is 12.06 ± 0.01 (SA96). In Several bias frames and twilight flatfield frames were taken with the CCD camera to calibrate the images of the stars using standard techniques. Data reduction was carried out using IRAF 1 and MIDAS softwares. The raw images were processed following the standard procedures to remove the bias, trim the images and divide by the mean sky flatfield. The resulting images are therefore free from the instrumental effects. Instrumental magnitudes were obtained using the DAOPHOT package (Stetson, 1987 (Stetson, , 1992 . The various tasks, e.g., find, phot, daogrow, daomatch and daomaster were applied in order to obtain the instrumental magnitudes of stars in all the frames.
Extinction corrections were ignored as the target star is very close to the comparison star. In Fig. 2 , we show the plots of the V band magnitudes of the check star and that of the comparison star was constant with a probable error of ±0.006 mag in the V band. In Table 2 , we list the time of observations in HJD and the differential magnitudes of the star with respect to the comparison star (∆V).
Period analysis and determination of ephemeris of EK Com
A period analysis was carried out using multiharmonic ANOVA algorithm developed by Schwarzenberg-Czerny (1996, hereafter SC96) to find out the Pri. minima = 2454923.24382 (7) Sec. minima = 2454921.24434(6), 2454923.37792 (5) The numbers given in parentheses represent the probable errors. We use the following ephemeris to derive the phased light curve.
where E is the epoch in days. With 2454923.24382 as the time of the primary eclipse, we plot the phased light curve of the star in Fig. 4 which is defined as an array of phase (Φ) and differential V band magnitude (∆V). The term phase (Φ) is defined as :
The value of Φ is from 0 to 1, corresponding to a full cycle of the orbital period and Int denotes the integer part of the quantity. The zero point of the phase corresponds to the time of the primary eclipse (t 0 ).
Photometric analysis using the WD code
The photometric analysis of EK Com was done by the WD code as implemented in the software PHOEBE (Prša and Zwitter, 2005) . It is a mod- ified package of the widely used WD program for eclipsing binary stars (Wilson and Devinney, 1971; Wilson, 1979 Wilson, , 1990 .
The appearance of the eclipses in our data shows that EK Com is likely an A-type rather than a W-type system, implying that the deeper eclipse is the transit of the massive star by the less massive one. From Fig. 4 , it is clearly seen that the V-band light curve presents a flatter bottom secondary eclipse covering approximately 0.1 in phase; this possibly indicates a totaleclipse configuration of the system. The flatter secondary eclipse is obviously shallower than the rounded primary one. It implies that the system is more likely an A-type W UMa binary. It seems that EK Com has evolved from W to A type and resembles AH Cnc which went from W to A type in a time less than a decade (Sandquist and Shetrone, 2003; Zhang et al., 2005) .
We define the massive primary component as star 1 and the less massive component as star 2 in the analysis that follows. The effective temperature of the primary component can be calculated from the period-color relation given by Rucinski (2001) who derived the following period-color relation for contact binary systems.
where P is the period in days. With the above equation, the color of EK Com can be calculated as: (B −V ) = 0.782. The interstellar extinction along the direction of EK Com is E(B −V ) = 0.010 following Schlegel et al. (1998) .
Therefore the intrinsic color index of the star would be (B − V ) 0 = 0.772.
On the other hand, the infrared color index for the star is (J − K) = 0.560
following Cutri et al. (2003) . Both these color indices suggest a spectral type nearly K0V for the binary system.
We take the temperature of the star 1 T 1 = 5150 K suitable for the spectral type K0V through the calibration of Cox (2000) . The gravity-darkening exponents were taken to be g 1 = g 2 = 0.32 according to Lucy (1967) and albedos adopted as A 1 = A 2 = 0.5 following Ruciński (1969) . The monochromatic (x 1V , x 2V , y 1V , y 2V ) and bolometric (x 1bol , y 1bol , x 2bol , y 2bol ) limb-darkening coefficients of the components were interpolated for square root law from van Hamme (1993) tables. The adjustable parameters are the mass ratio q, orbital inclination angle i, the mean temperature of the secondary T 2 , the surface potentials of the components Ω 1 and Ω 2 , and the monochromatic luminosity of the star 1 L 1 (the planck function was used to compute the luminosity).
To search for a reliable mass ratio q, we made test solutions at the outset.
The test solutions were computed at a series of assumed mass ratios q, with the values from 0.25 to 0.5 in steps of 0.1, although SA96 quoted a q = 0.304 for EK Com. Assuming that it is a detached system, the differential corrections were started from the mode 2 and rapidly ran into mode 3 (contact).
After several iterations, a convergent solution was obtained for each assumed value of q. From Table 3 . The radii r given in Table 3 are normalised to the semi-major axis of the binary system, i.e., r = R/a. The component radii are taken as the geometrical mean of the polar, side and back radii. Fig. 6 shows the theoretical light curve computed with these parameters.
It is very clear that the theoretical light curve does not fit the observational data very well, especially around the quadrature levels. The observed light curves are asymmetric, with the primary maximum brighter than the secondary maximum. This kind of phenomenon of unequal heights at quadrature levels, called O'Connell (1951) effect exists in many binaries.
We assumed a hot or a cool spot located on either the primary or secondary component. We found convergent and stable solutions with a hot spot on the primary component. Spot parameters, listed in Table 3 are The fill-out factor or degree of over-contact (f ) is given by
where Ω in and Ω out refer to the inner and the outer Lagrangian surface potentials respectively and Ω represents the dimensionless potential of the surface of the common envelope for the system. The degree of over-contact was determined to be 33.0%.
Since there is no spectroscopic measurement of the orbital elements available presently, the absolute parameters of the system cannot be determined 
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452 Table 3 with no 'spot' considered on the components. The weighted sum of the squared residuals of the fit parameters is
Figure 7: Solid line shows the synthetic light curve computed with the parameters given in Table 3 with 'spot' considered on star 1. The weighted sum of the squared residuals of the fit parameters is to derive the total mass and total luminosity of EK Com. Then using the mass ratio determined from the photometry, we can derive the individual masses, luminosities etc. The absolute dimensions and the luminosities of the system are given in Table 4 . The semi-major axis of the binary system is calculated to be a = 1.906 R ⊙ . According to Mochnacki (1981) , the densitiesρ 1 ,ρ 2 for the primary and secondary components are respectively described bȳ
We find mean densities for the primary and secondary component to be 1.672 ρ ⊙ , 2.323 ρ ⊙ respectively.
We have also calculated the following parameters as described in Csizmadia and Klagyivik (2004) : the bolometric luminosity ratio (λ), energy transfer parameters (β), β excess , β envelope , β corr , amount of the transferred luminosity (∆L). The values Table 5 .
Distance determination to EK Com
The standard V magnitude of the comparison star is 12.060 (SA96). We between the two components is found to be 141 ± 10 K. The observed light curve is quite asymmetric, especially at quadrature levels, because of surface activity on either of the two components. This feature of the light curve is explained assuming a hot spot on the primary component.
It has been found that the photometric mass ratio determined from the WD light curve modelling approach is reliable for a totally eclipsing overcontact binary. Keeping in view of this fact, the absolute physical parameters of the two components are determined based on the results of the light curve solution and by the MV96 method. The luminosity of the star is calculated using the temperature and radius of each of the individual components. The photometric spot solutions given in Table 3 are tentative, as it has been observed that with the spot solutions included in the WD code, the whole light curve can be easily fitted, but a serious problem of uniqueness of the solution persists (Maceroni and van't Veer, 1993) unless other means of investigation such as Doppler Imaging techniques are applied (Maceroni et al., 1994) .
The spectroscopic radial velocity observations and long term photometric monitoring of the star is important to determine its actual type and to answer whether the deeper rounded shape of the primary eclipse seen in our observations is either due to the actual configuration of the system or due to its higher level of spot magnetic activity at different phases or both.
